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ABSTRACT 


’Systems Analysis' is described as the application 
of scientific method -to problems of economic choice. Its 
objectives is primarily to recommend a course of action or 
policy, rather than merely to understand and predict. 

However, 'military systems analysis' differs from ordinary 
systems analysis in its enormous responsibility, in sometimes 
being forced by the nature or urgency of a problem to 
substitute intuition for verficable knowledge. 

This idea of an analysis to provide advice is not 
new and, in concept what needs to be done is simple. The 
approach is to construct and operate within a model. Such a 
model, which may range from an elaborate computer program to 
a war game played on a sand model, enable the participants in 
the study to make their judgements in a concrete context. 

Analysis of a hypothetical immediate air-support 
operation has been attempted on D3C-1090 computer system. 
Courses of action suggested by this analysis have been 
validated by taking situations in which there are obvious 
results which are based on military experience. 
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GHApa?BR I 


OVERVIBl/ 


1 * 1 INTRODUCTION 

Rew activities of mankind are more complex 
than comhat operations, and few have been studied as 
assiduously. During the desperate military situation 
that arose in England during the Second World War, it 
occured to the people responsible for defence of that 
country that physicists, biologists, mathematicians, and 
other trained people might have something to contribute 
to what were almost universally considered strictly 
military problems. This, ultimately resulted in forming 
the beginning of a body of knowledge called at that time 
K)perations Research' and later as 'Systems Analysis' by 
RAND Corporation. 

Various techniques like gaming and simulation 
were developed to help in analysing complex situations 
that came up during military operations. The success of 
Operations Research is a well established fact now. 

1 , 2 Need for systems analysis ; 

Initially, OR was primarily used to solve 
logistics problems and carry out cost-effectiveness 
studies. Later need arose to use it in analysing real 
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combat situations. In a combat situationy which inherently 
introduces uncertainties and complexities, the need for 
arriving at the right decision is a must. Due to the 
complexity of weapons and their greater damaging power, 
some form of systematic analysis of the combat situation 
would help a commander greatly to choose the right course 
of action. 

Reaction time or time available to make a decision 
is reducing day by day due to enhanced mobility in modern 
warfare, thereby, increasing the need for some aid in 
decision making for the commander. This would help to 
avoid the wrong decisions that may be made under the stress 
of time. 


Courses of action suggested by systems analysis 
are unbiased and their utility depends largely on the data 
fed. These alternative can be put down in a presentable 
and simple form to the commander so as to help him make a 
quick decision. 

1 . 3 Develo-pment of analysis using the digital comnuter; 


Keeping the above meeds in mind, analysis of a 
hypothetical combat operation of immediate air support to 
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ground forces has been attempted. Two techniques of 
systems analysis, namely, 'simulation' and 'theory of 
games of strategy' have been used to simulate and 
analyse the combat situation on the Dec-1090 computer. 

Some of the difficulties encountered were, 
lack of relevant literatiire and data. The authenticity 
of the results of analysis could only be checked with 
the help of military experience. Only extreme situations 
with obvious results have been analysed and compared with 
results obtained from the analysis developed, thereby 
partly validating the analysis. 

1.4 Overview of the Thesis; 

The aim of this thesis is three fold; firstly 
to carry out the simulation of the hypothetical combat 
situation which involves simulating the terrain on the ! 

computer and reducing the data so that it lends itself j 

to analysis; secondly, .to carry ou't -an' tly sis I 

of the simulated model using game theory concepts and i 

thirdly, to solve the problem of iimuodl-.ite air support fdr armj 

i 

I 

Chapter 2 gives briefly a general introduction i 

1 

i 

to 'systems analysis' and its techniques. In chapter 5 | 

the chosen combat situation is elaborate. This chapter 
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also deals with, the logic and form of the analysis 
developed. Chapter 4 deals with development of simulation 
and calculation of combat effectiveness. In chapter 5 
the game matrix is developed and analysed. The results 
are compared with resilLts evaluated On the basis of 
military experience, and conclusions drawn in cha,pter 6. 



CHAPTER II 


SYSTEMS AMLYSIS AND TEGHHIQUES 

2.1 Definition; The idea of using analytic techniques to 
the problems of military operations evolved in a major' way 
during world war II. It proved to be highly successful. 

Major boost to this activity was provided by the introduction 
of new weapon systems, novel in concept and design, whose 
exploitation could not be planned purely on the basis of 
traditional military experience. This warranted search for 
new methods of analysis which ultimately came to be known 

as 'Systems Analysis’. 

What is systems analysis? Systems analysis [QB-l] 
is not a method or technique, nor is it a fixed set of 
techniques. It takes its character largely from the problem 
it addresses to. Techniques used differ from st\:idy to study. 

Properly speaking, it is a research strategy, a 
practical philosophy of how best to aid a decision maker with 
complex problon of choice under uncertainity . Systems analyst 
can be characterised as a systematic approach to help a 
decision maker choose a course of action by investigating his 
full problem, searching out objectives and alterns.tives, by 
comparing them in an appropriate framework to bring expert 
judgement and intuition to bear on the problem. 

2.2 Anplications of system analysis; 


Analytic techniques can be applied to military 
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problems which range from routine day-hy-day operations of 
the services to critical one time decision of military 
operations. This spectrm may be divided into the following 
categories [QB-l]: 

(a) Management of operations. 

(b) Choice of tactical alternatives. 

(c) Design and development of weapon systems. 

(d) Determination of major policy alternatives. 

In the first category, analysis takes its most 
mathematical form. This kind of analysis is no different 
from analysis done to support decision making and resources 
allocation in commerce and industry. It is management 
science or operations research in the strict sense-an attempt 
to increase efficiency in various operations of the military 
establishments. 

Analysis in the remaining three categories involves 
the element of conflict. In true conflict situations it is 
the interactions with the enomy, that is JLikely. to be 'the m/^in 
problem. 


In combat analysis, the situation sometimes can be 
represented by means of mathematical models with such realism 
that the theory of games proves useful. 

2.3 Techniques available to the Military Analyst : 


Among the various techniques for studying combat 
situations available to the 'Military Engineer', are the 



7 


followings— 

(a) Simulation 

(b) Operational gaming 

(c) Theory of games of strategy 

2.4 Simulations 

It is a technique [QB-l] which is extensively used 
by Military analysts for studying complex military processes. 

It consists of an abstract representation of the more important ' 
features of the situation to be studied^ designed to be piaj-ed 
through in time, either by hand or by computer. 

Most military simulations exhibit a common structure 
which can be expressed in terms ofu— 

(a) Elements 

(b) Attributes 

(c) Activities 

(d) Plans 

(e) Time 

'Elements’ aro all the items involved in the interact jon 
such as missiles, tanks and troops. 'Attributes’ are the 
properties of the element s-location, speed, type and so on. 
'Activities' are the rules prescribing what will occur under 
various circumstances. 'Plans' are the prescriptions of how 
weapons are to be employed-strategy, tactics, doctrine etc. 

Military conflict is a dynamic interaction of 
destructive events, where the relative time of an occurapence 
can be crucial. There are two ways of handling time in a 
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simiilation: the interval and event techniques. ihere are 
two techniques for handling chance events as most military- 
events are partially determined by chance. These are the 
expected value and iiont e-Carlo methods. 

Generally^ simulation deals with effectiveness 
computation and forms part of overall systems analysis. 
Advantages of simulation are that it can analyse a highly 
complex combat situation by reducing it to more elementary 
form. In this way hypothetical future conflicts can be 
studied. On the negative side, simulation is likely to be 
a slow and cumbersome method. Also the question, 'Hovr do 
we know that a simulation actually represents what it is 
supposed to? ’ is not easy to answer. It is difficult to 
determine how good a simulation is. The ultimate test might 
appear to bo a war of the type being simulated. But even 
if such a war were to occur the outcome might look quite 
different from outcome of the simulation and yet the simulation 
might not be wrong. 

2*5 Operational Gamin g; 

Many important military problems were studied by a 
technique called 'Operational Gaming ' [AH-2]. The military 
service defines a war game as a simulation, by whatever means, 
of a military operation involving two or more opposing forces, 
using rules and procedures, designed to depict an actual or 
assumed real life situation. 

Operational Gaming or war games are employed to serve 
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three purposes;- 

(1) G-aming to train military personnel 

(2) Gaming to test plans 

(3) Gaming for research 

Rudiments of war games; Though war games differ in many 
respects from one another, certain basic characteristics 
are present in all. Among the salient similarities are:- 

(1) Every war game simulates a military operation 

(2) Bach game involves two or more opposing forces 

(3) Bach war game is conducted in accordance with 
procedures acceptable to the military. 

(4) Every war game represents an actual or assumed 
real life situation 

An activity cannot bo termed as war game unless 
forces are involved in movements or operations accompanied 
by the clash of arms or the threat of such a clash. War games 
are played only under conditions of simulated warfare. 

There are various limitations of war gaming. The 
study of war may never become an exact science because of 
inability to predict himan action and reaction. A major 
limitation is the inability to quantify data like state of 
training, fatique, courage, morale etc, which all wield 
considerable influence on the outcome. Even the effects of 
measurable forces like fire power, rate of fire, lethal area 
on the troops in battle are not fully known. 

2.6 Theory of Games of strategy; 


Games of chance have been studied mathematically 
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for many years: the mathematical theory of prohability 
was developed from their study. The first attempt to 
express ‘an abstract strategic situation into a mathematical 
theory of strategy was made by Smile Borel in 1921 [MD~3]. 

The theory was firmly established by John Von neumam -in 

1928 when he proved the mini-max theorem which is the fundamental 

theorem of games of strategy. 

The theory of games of strategy is a mathematical 
treatment of planning or decision-making under conditiors of 
conflict. The theory is concerned with the selection of an 
optimal course of action taking into account not only the 
possible actions of the own side but those of the enemy as well. 

This theory considers the problem of how a participant 
in a conflict situation can obtain the largest pay-off under 
conditions such as:- 

(a) The opponents will attempt to discover each others 
strategy and at the same time conceal their own, 

(b) Bach participant has only partial control over 
the outcome. 

(c) Bach Opponent may bluff or feint. 

(d) The opponents have different amounts of information 
or intelligence about each other. 

(e) The participants may be constrained by the elements 
of chance. 

D eacrintion of a game of strategy; 

A game of strategy is described by its set of rules. 

It distinguishes between games involving two players and games 
involving more than two players. Two person game can be further 
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classified as ^ero siom games and non-zero sum games. In 
zero-sum games what one player wins, the other necessarily 
loses. 

Concept of strategy is used in games of strategy. 
Strategy of a player is a set of instructions for playing a 
given game from the first move to the last. 


With the concept of strategy in mind we can describe 
a game between two players, say Blue and Red. Blue has m 
strategies and Red has n strategies. The Blue's payoff matrix 
is given by ] which means if Blue chooses the i to 

strategy and Red chooses the j to strategy the payoff for Blue 
would be a._, . 

The game is thus determined by Blue's payoff matrix?- 


^•1] 

^“12 

rH 

1 

1 

1 

1 

t 

^21 

t 

• 

®-22 

^2^ 

I 

t 

^ml 

1 

1 

1 

OsJ 

^mn 


The effort of Blue would be to make a^^ as large as 
possible but he controls only the choice of his strategy i. 
Whereas Red would want to keep aij as low as possible but he 
controls only the choice of his strategy 3, 


Now for any strategy i which Blue chooses he can be 
sure of getting at least 


min 




^±2 


n 
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where minimum is taken over all of Red's strategies. 
Blue is at liberty to chooso i * therefore, he can make his 
choice of i in such a way as to ensure that he gets at least 

max min a. . 

(J 

i ^ m d < n 

similarly Red can make his choice of j so that Blue would get 
at mosts 

min max a. . 

J 


j ^ ^ 

i < m 




In general, these quantities are 

different, but 

satisfy the 

relationship 





max 

min 

min 

max 

'*? , 

i < m 

3 i 

3 < ^ 

i m 


This inequality 

is proved as follows; Given any 

i then 

min 

^i3 

for 

all d 


d< n 




Given any j, then 




max 

.> ^13 

for 

all d 


i< m 





Hence we have 





min 

3 < n 

^13< 

a . - 
13 



or 





min 

aij max a^^^ 




3< n 

i< m 





Bince ri^ht hand side of the preceding inequality is 
independent of i, we have by taking maximum of both sides 
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max 
i m 


min 

d "1 31 i < m 


< 


max 



Kow the left hand side of preceding inequality is independent 
of 3. By taking the minimum of both sides, we have 


max 
i< m 


min 
3 < 31 



< 


min max 
3 < n i < m 



A critical point in game theory so far as its 
application to real-life conflict situations is concerned, is 
reached when we try to evaluate the values of pay off. In 
general we have to assume that the payoff can, in principle, 
be measured numerically. One conceptual difficulty [JDW- 4 ] 
in connection with real problems is that of defining the 
problem clearly, so that the action alternatives available 
to the players may be completely itemized^ and to do thi s 
without isolating the problem from the important influence of 
its original environment. 



CHAPTBR III 


DESGRIPTION OF PROBLEM AID FORM OP PROPOSSD AMLYSIS 

3 • 1 S cemrio of the P r oblem 

In a theatre of war the battle usually develops 
along many fronts. In an event of an attack, the enemy 
tries to conceal his main thrust, by attacking along a 
number of places simultaneously. This way, he tries to 
distribute the defensive capabilities of his opponents, 
thereby increasing his probability of success and maintaining 
surprise about his intensions or aims. 

In such a situation, it so happens that a number of 
field units of own forces may raise demand for air support 
at the same or around the same time. Procedures have been 
developed wherein the air-support demands get scrutinized by 
intermediate HQs and ultimately reach the Corps HQs. Corps 
HQs is the place where both representatives of army and 
air-force, process such demands and finally issue orders to 
the air bases to carry out the air-support missions. 

The problems of officials at this Joint Operation 
Centre (JOG) is to evalmte whether a demand warrants an air 
strike and its priority. The air power in modem warfare is 
always at a premium and it is essential that a right decision 
is made at JOC. 

3 . 2 Existing System- 

The Corps HQ is the lowest formation HQ where there 
exists direct liason between the army and the air force. The 
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JOG forms the nerve centre of all ground support operations. 
The system organisation is shown in Pig. ( 3.1) 

In an event, when the requirement of air-support 
is raised by a unit, the demand travels through normal 
channels till it reaches JOG. The demands raised by 
various units are processed and evaluated at JOG, based 
on the factors mentioned below t- 


(a) 

Bncmy's intention 


(b) 

Own future plans 


(c) 

Deployment of own and enemy's 

forces 

(d) 

Vulnerability of a particular 

sector 

(e) 

Air situation 


(f) 

Tactical soundness 


(s) 

Terrain evaluation 


(h) 

Intelligonce reports 


Data 

is collected from various sources like forward 


troops, POWs etc. and conclusions drawn from them are 
represented on a map. The commander appreciates the situation 
off the map and arrives at a decision. The soundness of this 
decision depends upon commander’ s experience and reliability 
of data collected. 

This in brief is the procedure followed from the 
initiation of demand till its execution. Before proceeding 
with the proposed analysis, the following assumptions are 
made. 
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3 • 3 Assumptions; 

(a) The terrain af op-ora-tiOn: is hypothetical but has 
characteristics similar to the terrain of Pxmjab. 

(b) For the purpose of identification own forces are 
represented as BID'S force and enemy a-s RED force. 

(c) The enemy is considered to be ratioml, clever 
and to act in a manner by which he benefits 

(d) Hypothetical data about RID and BIDE forces has 
been used. 

(e) Adequate intelligence information of RED force 
is available with BIDS force and vic.e-versa. 

(f) Analysis assumes conventional warfare. 


3 • 4- Development of Analysis 

The present day 'detente' in the world is maintained 
because balance of force between two opposing forces is 
maintained. The defence analysts emphasize that this balance 
must be maintained in order to prevent war. In order to carry 
out analysis of t^e combat situation the above concept of 
'balance of force' has been used. It is rational to assume 
that as long as there is balance of force maintained in a sector 
of battle, the enemy would not be tempted to attack. 

To determine 'balance of force' some measure of 
combat-effectiveness of forces is required. It is logical 
to assume that all field units wield their influence in a 
certain area. All units whose influence is felt at a particular 
point, in this case the point of attack, would have some effect 
on the outcome of battle. The combat-effectiveness of a sector 
is the sum of effects of all such units at the point of attack. 
The difference between the combat effectiveness of Red and Blue 
forces at the point of attack would yield us the state of 
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balance of force at that point. 

The immediate air support operation usually takes 
about 1-y hrs. to 2 hrs. from the time of raising demand to 
its execution, logically, all units that are capable of 
taking part in operation within this time duration can have 
effect over the outcome. Por the purpose of this analysis, 
the area of inlluence for troops has been taken as a circle 
of 20 Kms. radius and area of influence for armour and 
artillery is taken as a circle of 30 Kms. radius. Refer . 
Pigure ( 5 . 2 ). 

3 . 5 BLOCK lIAG-RiiM OP THE ANALYSIS 

A block diagram of the analysis is given in Pig. (3.3)* 
In first step the terrain is represented in a computer and the 
variable data of deployments of forces and air demanas is fed 
in. In the next step combat-effectiveness calculations are 
made. Next, the game is defined and elements of game matrices 
are evaluated. These matrices are then solved and deductions 
based on the solutions are obtained. The analysis and relevant 
factors are represented in a form which helps the commander 
in making his decision. 

3.6 Combat-effectiveness Calculations 

Let us begin by considering the concept of combat- 
effectiveness from an analytical point of view. Although 
there is no general definition of combat effectiveness, the 
question, ’Is the combat-effectiveness of unit A greater than 
that of unit B? * is meaningful and capable of being answered 
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The area of influence for troops is a circle of 
radius 20 Kms. as shown, by circle whose centre is at 0, 
i.e., point of attack and BO = 20 Kms. 

The area of influence for armour and artillery is 
circle of radius 30 Kms. In the figure AO = 30 Kms. All 
units of armour and artillery are searched for within this 
circle. 


figure (3.2) 
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by experienced military personnel if sufficient information 
about the two units is available* The situation is arialogous 
to the one in which a rational consumer is asked to express a 
preference between two 'commodity bundles', each bundle 
consisting of various ntmibers and kinds of economic goods. 

In order to express a preference ane must have a criteria by 
which one should judge the utility of the two bundles. Here 
utility is analogous to combat-effectiveness. 

Index of combat-effectiveness (IGB) is the result 
of factors that may or may not lend thonselv^s easi^': to 
quantification. For oxaiqple, morale command and control, 
organisation, state of training etc. do not lend themselves 
easily to quantification. Such qualitative data has been 
quantified by means of scaling. For example, qualitative 
standards, such as 'outstanding', 'superior', 'good', ........ 

arc assigned values 1.0,0.9,0.8. - . • o,nd so on. These numerical 
values are used as multipliers of normal performance to upgrade 
or degrade expected performance. 

The criteria used for judging combat effectiveness 
is the total fire— power available at a point. Success of any 
force is directly proportional to the amount of fire power 
it can generate. 

3.7 Index of Gombat Effectiveness (IGE) for troops; 

I.G.B. for troops is defined as the capability of 
generating maximum fire power by a particular unit. 
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I.O.E. for troops a Fire power a 'IJ 

a R 

a (l-fj) for I) 4 K1 

and 0 for D>E;1 

■where N is the number of combatants taking part 
R is rate of fire of weapons 

D is the distance of the unit from the point for 
which combat effectiveness is being calculated. 

K1 is the maximum distance upto which combat- ef f ectivonei 

It 'I ' 

of troops is felt, 

[Refer Figure (3.4) for example] 

Morale factor has been q-uantified by assigning a 
numerical value, which is used as multiplier in the calculations. 
These values would have to be assigned to each unit by its 
immediate superior commander and would be fed to JOG daily. 

Any changes would be updated by updating the file dealing with 
details of troops. 

Numerically I.G.B. for troops is 

where MF is the morale factor multiplier. In the 
present study K4. has been chosen to be 20 Kms. 

3 • 8 I ndex of Gombat-Bff ectiveness for Armoirr; 

Armour is a highly mobile war machine and can be 
deployed quickly by a commander with effective results. 
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A„ 

i 


B 


. -- C 


\ 


\ 



A is location of troop unit witii IT troops 
X is point of attack 

Shortest distance between A and X is given by road 
branches AB, BO, CD, DE and EX, 

Let this shortest distance be equ'il to D 

I C E for troops is given by 

= IT X R X (1 5—) 

Z1 

is taken to be 20 Kmc, 

R is the rate of fire 


Pigure (3.4) 



24 


Normally, armour is used with infantry in an attack. The 
criterion for determining for armour units is the same 

as used for troops, i.e, maximum fire power it can generate 
thus 

I.C.B. for armour Fire power a N1 

a R1 
a M 
a Speed 
a Terrain 
a !^^istanc*;_.' ' 

whore N1 is number of tanks in the unit 

R1 is rate of fire of main gun 

LA is the lethal area of shell, i.e. area in 
which killing is 100^, 

The speed dictates the size of circle of influence. 

For purpose “ of this analysis, all armour units within a 
radius of 30 Kms., are assumed to be capable of having 
influence over battle. 

Terrain effects mobility of armour and therefore 
affects the time required to travel from one place to another. 
The terrain has been divided into various categories and. have 
been alloted terrain factor. Terrain factor denotes the 
amount by which terrain would affect the mobility. 

I.C.B. of armour 

Nl.» R1 3 (, LA -||) 

wherg D1 is the shortest distance between armour unit 
and centre of circle of in&taence^af ter taking into account the 
effect of terrain on mobility. 
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K2 is the maximum distance at which corahat 
effectiveness of armour is felt. In this study it is taken 
to he 50 Kms. 

[Refer RioUrc ( 3 .^ for example] 

3 . 9 I.G.E. of Artillery 

Artillery is an arm which is generally used to 
soften targets before an attack. The I.C.B. of artillery 
is dependent upon 

I.C.B. a B2 
a R2 

a range of guns 

a number of enemy troops it can bring 
under fire. 

The range of the guns dictates the radius of circle of 
influence. It has been assumed to be 30 kms. 

The effectiveness of guns is also dependent upon the 
number of enemy troops it can bring under fire. 

Hunerically ; 

I.C.B. of artillery= N2xR2xNBTxLii. 

where lI2=N'o. of guns deployed 

R2=rate of fire (shells/min) 

LA=lothal area of shells 

BBT=No. of enemy troops which can be brought 
under fire 

3.10 Gfime gheorv Analysis . 

After evaluating I.C.B. of Blue and Red forces at 
all points of attack, we proceed to define the game as: 



OiiLGUMTIOT OF 1 . 0 * E i POE ARMOUR 


ie 



In above figure location of armour unit is at A 
and centre of circle of influence is at X, i.e,, point of 
attack, AX is the shortest distance from A to X, However, 
there is a canal in between and crossing point is at 0. The 
nearest bridge from crossing is at B. Therefore route to be 
followed is AB, BX. 

Route from A to B has to cross a terrain of 
classification K1 for distance CB. 

Hence total distance to be traversed becomes 
= AG+(CI) X Kl) + DB + BX 

This value of distance is used in calculation 

for armour. 


Figure (3.5i 
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' 'Blue and Red are two forces with conflicting 
interests. Mission of Red i" to attack Blue at a. number 
of points with the intention of thrusting through Blue's 
defences at one of these points. The choice of point of 
main thrust is random in nature. Red's possible strategies 
aro the choice of having his main thrust at any one of the 
points of attack. Strattsgios available to Blue are to 
provide air-support at any of these points.’’ 

Assuming that there are three places where Red has 
attacked, there are nine possible outcomes which may be 
summarised by a 5x3 matrix. For example: 


Blus 


Red 



1 

2 

3 . 

" 1 

1 

P 

H 

H 

^12 

^13 

2 

^■21 

^22 

^"23 

3 

a^i 

a ^2 

"^33 


^ij Si’vss the payoff to Red. Since we are analysing 
the above game as a two-person, zero sum game, the payoff to 
Blue is-a. .. a . . represent the payoff function as seen by 

IX. 3 “X. j 

the blue, evaluated by the information available with him, 
and need not be the actual payoff. 


a. - denotes what payoff is available to Red as seen 

X J 

by blue, if Red selects i th strategy and Blue selects 3 th 
strategy. 
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3.11 Evaluating Game Matrix ; 

In order to allot numerical quantities for elements 
of the game matrix, in case Red selects ith strategy and 
Blue selects jth strategy, one has to describe a payoff 
function. 

In this analysis, the payoff function has been 
chosen to be the state of ’balance of force’, i.e., the 
difference between I.O.E. of the two forces. Payoff function 
is the sum of the differences between the I.O.E. of both 
forces at all points of attack. This payoff function is 
altered by the following factorss- 

(a) Vulnerability of a particular sector. 

(b) Attack ratio. 

(c) Damaging capability of Blue's air force. 

(a) Vulnerability factor (VIMDBX); Blue's commander allots 
priorities to strategically vulnerable areas or grounds of 
tactical importance, according to their relative importance. 
Vulnerability factor (VINDBX) is found by the sum of 
priorities of all vulnerable areas within the circle of 
influence, which is taken to bo 30 Ems. , and scaling it by 
dividing it by mj.n (^- Vij ) where -5- Vij denotes the VIEDEX 
or atto-ck point j. 

Numerically; 

VINDEX (o)=f Vio/min (f Vi j ) 
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where V. . is the vulnerability index alio ted to 

-L J 

the strategically vulnerable areas 


Attack ratio It is defined as the intensity of Red's 
attack. It is evaluated by the following relation; 


4 


CR^-GB_. 


/ 


A.R(i) =1— -r. 


1 1 _ 

1 y. 


min 

i \ 


\ 




* / 

where OR. = I.O.B of Red force for point of attack i 


CB^ = I.G.B of Blue force for point of attack i 


(c) Damaging ca n ability of Bl ue's air force (DAM) This factor 
is dependant on the time spent by Blucj's aircrafts over target 
area. It is evaluated by finding the total possible time which 
aircrafts from all air-bases can spend over the target area. 
This is then scaled by dividing it by minimum time spent over 
the target areas. 

5 5 

DAM(i) = X (T^)/ min(^ T. ) 
i=l ^ A. iAl ^ 


The elements of game matrix are evaluated by 
considering the overall effect at all points of attack, i.e., 
the sum of effects at all points of attack is taken. For 
example, the a^g element of game matrix, refers to the situation 

O "jh 

where Red's main thrust is at the I — point of attack and Blue's 
aircrafts give support at the 2^— point of attack. 

Numerically; 

[GB(2)-C0(2)] 

a^o = ATT'(l)i?INDBX (1 ). [CB(l)-GO(l) ]+ +[GB(3)~G0(3 

DAM(2) 
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where ATT(l) is the attack ratio at I®— point i.e, it 

denotes the intensity with which Red can attack 
at point 

VINDEXCl) denotes the relative vulnerability of 
S "fc 

I — point as compared with other points. 

DAM(2) represents the relative damaging capability 
of Blue's aircrafts at 2^— point of attack 
[0B( i)-C0( i)J(i=l,-l-3), represents the difference 
between IGB ' s of Blue and Red. 

In the above expression the state of balance of force 
at point 1 (CB(l)-CO(l)) is multiplied by ATT(l) and VINDBS(l) 

S "fc 

because the main thrust of Red is at I — point of attack and 
these factors are directly proportional to the payoff available 
to Red. The state of balance at 2 ~ point is affected by the 
Blue's aircrafts as the Blue gives airsupport at second point. 
Therefore, the state of balance (CB(2)-C0(2)) is divided by 
DaM( 2), which is the damaging capability of Blue's aircraft at 

TO 

2 — point of attack. The state of balance at third point is, 
however, unaffected by any of the factors. 

In this manner all elements of the game matrix are 

evaluated. 

3 • 12 Evaluation of nriorities; 

Once the game matrices for troops, armour and 
artillery are solved correct deductions from the solutions 
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are required 1:0 be made. The optimal strategies found in 
each solutions are converted into their percentages, for 
example if the optimal strategy for troops is [0.6 0.3 O.l], 

it is converted into its percentage i.e. (60 30 10). 

For each point of attack the converted optimal 
strategies for troops, armour and artillery are added,, and 
whichever point is the highest is alloted priority one. This 
allotment alongwith display of relative factors namely 
VINDEX, DAM, ATT and payoff matrices can help the commander 
in his decision making. 


i.l.T., KANPUe 

cmimi LisRAiir 



CHAPTER IV 


DBVELQPMBHT OF AHALYSIS 


^ 1 De'velo-Dment of Simulation Model 

The first step in analysis >. ^is to develop a 
suitable scheme for the representation of the area of battle 
operations in a computer. The following schane is used in 
the present write. 

Any point on the ground can be represented by an 
eight figure grid reference. In such a system, any two 
adjacent points represent a distance of 100 met. on the ground. 
This resolution is considered adequate for the purpose of 
analysis of combat situation involving a Corps frontage which 
can be anything between 100 to 200 Kms. 

The grid reference of a point [See fig.(4,l)] is 
given by its northings followed by eastings. For example grid 
reference of point X is 

56122614 

Northing of point Z is 5612 
and easting is 2614. 

4.2 Re-presentation of Terrain fee.tures 

The hypothetical map was converted into straight 
line segments by approximating all curves by straight lines. 
[See Fig. ( 4*l)]. 
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AB represents a road curve and is approximated by- 
straight line segments AG, CD, DB and BB. The number of 
intermediate points depend upon the accuracy desired and 
memory available. In this manner, all terrain features 
like roads, tracks rivers, canals etc. are first approximated 
by straight line segments. Various terrain features and 
format used for storing their data are given belows- 

Roads and tracks; After carrying out the 
straight line approximations node numbers are 
alio ted to all points for the purpose of identifi- 
cation. A file is created to store the data and 
the format used is given below; 

¥1 GRl bb ¥2 G R2 

where N1 is node number of s-tarting point 

GRl is grid reference of starting point 
R2 is node number of end point 
GR2 is grid reference of end point 
b denotes blanks. 

Starting point of a road branch is one whose 
northings or x co-ordinate is less than those of !, end point, 
[See i'ig. (‘4.2) for example] 

(b) Canals and rivers A separate file is used 
for storing information about canals and rivers. 
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REPRBSBNTATION OF ROADS AMD TRACKS 



AB and BG are two road branches 

Grid reference of A = 56002600 

Grid reference of B = 56402620 

Grid referance of 0 = 56852590 

Node numbers of A,B,C are 100, 104, 107 respectively 
Format used to represent above road branches 

10056002600 bb 10 456402620 
10456402620 bb 10756852590 


Figure (4.2) 
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Format Format used is: 

GRl Td b GR2 

where GRl is grid reference of starting point 
GR2 is grid reference of end point 

No node numbers are required in this case as there 
is no requirement to travel along the canal or river but only 
crossings would have to be attempted. Here also the definition 
of strating point and end point are same as in case of roads and 
tracks. 


(c) Different types of terrains The ground is 

‘ • I • 

classified into various types depending on the effect 
on mobility; 

(i) Marshy land 

( ii ) broken ground 

(iii) cultivated fields 

(iv) flat ground 

The ground is repro-- onted by number of parallelograms 
which approximates the given area. Given in Fig. (4.1) 
is an example of how the approximation is carried out; 

The area is represented by giving grid references of 
points ii,B,CyD (in this order) followed by the terrain factor. 
Format used is given below: 


GR(A) b <GR(B) b GR(G) b (GR(D) b K1 
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where (tR(A), GR(B) is grid reference of point 

iijB-!- — , 

and K1 is the terrain factor which gives the 
effect of terrain on mobility. It is used as a 
multiplier in distance calculations. 

Bridges and Vital -poi rtts These are considered 
to be point objects and they arc stored in their 
files as grid references only, 

4.3 Re-presentation of De-ployments and boundries 

This representation is flexible in nature and data 
stored is changed as the battle situation changes. Data 
structure used is multi dimensional arrays which facilitates 
insertion of entries and their deletion. 

The boundry or line of actual control changes with 
the battle situation. It is approximated by straight line 
segments and stored in a separate file in the same fonnat as 
used in the case of canals a,nd rivers. 

Deployments Various fighting units i.e. infantry, armour or 
artillery units are represented by their status and their grid 
references. The information about Red and Blue forces are 
stored in the same file. Three files pertaining to troops, 
armour and artillery store this information. Formats used 
for troops, armour and artillery are listed belows- 
. (a) Troops: Format used for storing information 

about infantry units is:- 
Status GR 
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where GR denotes grid reference of the'xmit 
Status of unit is a three digit number 
in which s 

(i) the first digit gives type of force: 1 for 
Rod force and 2 for Blue force 

(ii) the second digit denotes strength of field 
unit, for example: 500 troops are represented 
by nmber 5, and 

(iii) the third digit denotes morale of the troops. 

As in the case of troops the infomation 
about armour units is given by its grid reference and 
its status. Format used is 

GR bb status 

Here status, indicated by a throe digits number 
in which: 

(i) The first digit: which force does the tank 
unit belong to 

(ii) the second digit: which denotes the type 
of tanks held by the armour unit, and 

(iii) the third digit: gives the strength of tanks 
in terms of troops of tank. 

(°) Artillery Format used is the same as in case 


of armour. Status of artillery unit is again 
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indicated by three digit number in which; 

(i) the first digit indicates the force 

(ii) the second digit denotes the type of gun 
held by the field unit, and 

(iii) the third digit gives the n\miber of guns 
deployed by the unit. 

4.4 Choice of data structure 

As data representation is in matrix form a number 
of multi— dimensional arrays have been used. Arrays have been 
used for storing data about troop, armour and artillery units. 
These can be updated as and when status of units changes due to 
battle situation. This type of data structure facilitates 
insertion and deletion of entries. Different files have been 
used in order to have easy access to pa.rticular type of data. 

4.5 Combat Effectiveness Calculations 

Troops A set of subroutines, namely TROOPS, EJLMIN, ROUTES, 
PATHS have been developed for calculating combat effectiveness 
for troops. TROOPS subroutine searches for all troop units 
of both Blue and Red forces within a circle of 20 Kms. from 
point of attack. Steps of subroutine TROOPS and flow chart 
are given in appendix (B-l)^. 

BLMIH subroutine is used for eliminating all troops 
which are deployed along the boundry line separating the two 
forces. All such units are deployed to contain the enemy and 
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as such, cannot be pulled out to be used elsewhere. Steps 
of Subroutine BIMIH and flow chart are given in appendix (B— 2). 

Distance 0 ale ul'-t ions Subroutine RUU'fSS a.rxd P'-iliiS 

calculate the minimum distance betx^een any two points, 

A road map is like a labelled graph. The dist.ance 
calculation is a typical shortest distance problem of a 
travelling salesman. The algorithia used is called the Robert 
and Rerland (R]?) algorithm which is a generalization of the 
Roy-Warshall algorithm. 

Subroutine ROUTBS searches for all road branches 
in the circle of influence and allots them dummy node numbers. 
It then generates XX matrix, which is weighted distance matrix 
for subroutine PATHS, 

Subroutine PATHS [ATB— 5] calculates minimum distance 
between ^^.ny two nodes. For findir^ distance of one field unit 
from its location ■ o centre of influence, the nearest nodes to 
it and the centre are evaluated and minimum dist.ance between 
these nodes is found from matrix XSTiiR which is output of 
subroutine PATHS, Algorithms and flow charts are givnn in 
appendix (B-3)* 

I.C.B. is then found by following relation: 

CB = [H X R X H.F. X (1- ] 
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where K Number of combatants 
R -= rate of fire 
M.R^sdnorale factor 

D = distance between unit and the centre of 
circle of influence; 

El ss maximum distance at which combat-effective- 
ness is felt. It is equal to 20 Kms. 

ARMOUR 

Subroutine ARMOUR searches for all armour units of 
Red and Blue forces within a circle of 30 Klas, Next for each 
armour unit, shortest distance from its position to centre is 
evaluated. However, duo to obstacles like canals and rivers 
straight line paths may not bo possible. Subroutine CliEGH 
checks for any obstacles in straight line pa,ths and in case of 
crossings it calls subroutine NBRIB to search for the nearest 
bridge a3.ong • -the canal. In this manner the route to the cent^^e 
is established. Steps involved in CHBCK and NBRID and their 
flow chart are given in appendix (6-4 • 

Effect of terrain on mobility along the route is 
evaluated by subroutine TBEikIN, Along the route, the total 
distance the tank would have to novo along different classes 
of terrain is evaluated and multiplied by respective terrain 
factors. The ■ a. ' sum of this distance would give the 
total distance to be traversed. Stops involved in TBRiilN 
and the flow chart are attached in appendix (B-5). 
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Goabat effectiveness of Armour units 
= „{ E X E X lA X (1- -^5)] 

where E- = = strength of tanks 

R = rate of fire of shells (no. of rounds/min) 
M = lethal area of shells 
D = distance to he traversed. 

E2 = maxium distance at which effect of 
combat- eff ectiveness is felt. 

nrtlllery 

Subroutine GUNS searches for all artillery units 
of Red a,nd Blue forces within circle of influence. Next for 
each artillery units, subroute TROOPS is called to deteimine 
the number of enemy troops which can be brought under fire with 
type of gun held by the unit. The ICE of each unit is calculated 
and summed to give the total ICE of artillery in that sector. 
Steps of subroute GUES and flow chart are given in appendix 
(B-6). 

Eumerically 

I. C.E. of artillery 

[I . R . M . lET] 

where 1 is number of g\ms in the unit 
R is rate of fire of guns. 
lA .ic -lothrAL area ef shells 

NET is n\ 3 mber of enemy troops which can be 
ifwier . fire . 



CHAPTER 7 


DESCRIPTIQI AHD DEVBLOPi^IENT OF GAME 
5*1 Develo-pment of G-ame Matrix 


To develop the elements of ^jame matrix, a pay-off 
function has to he selected. In this analysis pay-off 
function is taken to be the state of balance of the forces. 

It is -given by the difference of the combat-effectiveness 
indices of the two forces at the point of attack. This value 
of pay off function is affected by the following factors: 


(a) Vulnerability index factor (VINDBX) i Subroutine 
VALUE evaluates the number of vital or strategic 
points around each point of attack. Steps and flow 
chart of VALUE is attached in appendix ( B-t). 

VINDBX (j) : 

where 3=1 — 3 (where 3 gives the points of attack). 




(b) Attack ratio factor (ATT) It is evaluated after 
I.C.B.s of Red and Blue forces have been determined. 
It indicates the intensity with which Red is capable 
of attacking at different points of attack. It is 
evaluated using the relation: 

AIT (i) 

CB(i) y/ ^ ^ CB(i) 


whore i = 1 5 


where GB and GO are I.G.B’s of Red and Blue force 
respecti’' ely. 
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( c ) Factor due to damaging canability of Blue's 
^ir-force (DAM) Subroutine AIRCAP (flow 
chart attached in appndix (B- 8 ) is called to 
evaluate the total possible time aircrafts from 
various bases can spend over each point of attack, 
these values are then scaled by dividing by the 
minimum value. 


Pay-off of Red is directly proportional to first 
two factors and inversley proportional to the third. 

The elements of game matrix A are defined by 


a,!. I— ATI{i) . ylllDBX(l) 

IJ:!;;, fa siMrjr"' 

where if 3 k 
and 


(CE(k)-CO(k)) 


if i k 


DAM(3) = 1 

ATT(i) = 1 
?INI)SX(i) = 1 


5 . 2 Solution of Game 


B rown's Algorithm 

Brown's algorithm [BBG- 6 ] is one of the most 
practical methods of solving games that are larger than 
2 X n or m X 2. It assumes that the past is best guide to 
the future. That is player I plays some row, sey row 1, on 
the first play of the g^me, then player II plays the column 
that would minimise the pay-off. Player I then examines 



45 

correspond ing 


the column player II plays, and plays the row 
to the largest pay-off. Player II sums elerrient by element 
the rows I has played, and plays the column corresponding 
to the smallest sum element i Player I then sums element by 
element the colmns player II has played so fnn^ plays 
the row corresponding to the largest sum element. This 
iterative process is continued until a decision to stop is 
made. The proportion of the time column j i® plnysd is an 

approximation of for j = 1,2— n. Likewiso, proportion 

nf x^ for 

of the time row i is played is an approximation u j_ 
i = 1, 2 m. 

For example consider a .3 x 3 game whose matrix is» 

1 -2 3 

1 3-2 

4 2 1 

0 Th. 0 

Suppose player I starts by playing '^* 
minimum element in row 2 is -2, so player II column 3. 

The maximum element in column 3 is 3- and is found, m first 
row, so player I plays row 1. The sum of two rows played by 

player I is 

[1 3 - 2 ] + Cl -2 3] = [2 1 

Player II arbitrarily selects column 2 to piny 
next since minimum sum is in column 2^ Player I 
two columns player II has played and finds that the largest 
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sum is in row 3 namely; 


' 3 " 


-2 


' ^ 1 

-2 

+ 

3 


1 

1 

‘ i 

2 

1 

[ 

L 3 _ 


Therefore he plays row 3 next. This process is 
repeated again and again. The results of first 10 
iterations are given in Fig, (5.2). The approximate optimal 
strategies for player I and II are; 


X 


2/10 

b 

8/10 


1^(6 A / 16 6/10] 


Actual optimal strategies for the given example are 


X 


1/6 

0 

5/6 


0 1/3 2/3 


Hence we see that approximate solution is quite 
good after just 10 iterations. 


5.3 Stops .of Brown* S' algorithm 


Steps of the algiroim are; 

1. Red selects a row to play, and Blue then plays the 

column corresponding to the minimum element in the row. 


2 . 


Red then selects the row to play that corresponds to 
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Play of 

^ame 

i 

i 




123456789 10 

1 

-2 

3 


@1 4 ® 5 3 1 4 7 10 

1 

3 


1 

-2 1 -1 -3 0 3 6 4 2 0 

4 

2 

1 


1 (D 0 5 @ (5) 

1 

3 


Sum of columns player II 

2 

© 

1 

has played to date 

6 

3 

© 


10 

5 

© 


11 


6 


15 


7 

Sum of the rows 


viz 


player I has played 

19 

(i) 

8 

to date 

23 

9 



27 

11 



31 

13 

© 


0 

4/io 6/10 



2/10 

0 

8/10 


Fig. (5.3); Example of Brown's algorithm. 
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the maximum element in the column selected hy Blue in Step 1. 

3. Blue sums the rows Red has played thus far, and 
plays tho column corresponding to a minimum sum element. 

4. Red sums the columns Blue has played thus far, 
and plays row corresponding to a maximum sum element. If 
the desired number of iterations is satisfied go to step 
otherwise', return to step 3 - 

5. Optimal strategy of Blue is gi^yen by proportion of 
the time Red has played row i. 

In the analysis the number of iteration done was 
restricted to 20. 

3 * 4 Deduction of solutions 

The Optimal strategies of Blue in respect of troops, 
armour and artillery game m-^ trices a,re converted into 
percentages. These are then added for each point of attack 
and highest of them gives the place where the air-support is 
to be alloted. 

The allotment of priority alongwith relative 
factors like VINDBX, DAM, ATT and payoff matrices are 
displayed on a terminal in a simple form. Commander can thus 
make his decision based on these results. 



CHAPTER VI 


RESULTS MD GOMGLUSIOI 


6.1 RESDLTS 

Hypothetical situations involving three air-support 
demands pertaining to points A (GR-66602579) ,B(G-R-59002760 ) 
and 0 (GR-62302880 ) were analysed. Three situations of extreme 
nature were depicted such that different points warranted 
iar-support in each situation. These inferences were based on 
deductions of normal military appreciations of the situation. 

The following cases have been discusseds- 

(a) Case *1'; The data was such that points 'A' warrar.ted 
an air-strike. The results of analj^sis and form in 
which it is presented to commander is given in 
appendix [A-l]. 

The presented form helps the commander to get an 
intu'tive idea of relative importances of various factors 
and thus, and him in his decision making. The results 
of analysis developed agrees with the one reckoned from 
military appreciation. 

Ca se '2'; In this case the situation was so 
projected ®-uch that point 'E’ needed air-support. Tlie 
other two points were given less importance in 
comparison to point 'B', 

. , Results of this analysis are given in append -’x 
[A-2]. Results in this case are in accordance 
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with the one obtained from manual appreciation. 

'3't In the last situation the posture was 
one in which point 'C (GII-.6 2^0 2880 ) needed air 
support. Analysis of this situation and its 
results . were compatible with the military 
appreciation of situation. Results are given in 
appendix ([A-3]. 

The above three situation were extreme situations 
and the results compared favourably with the expected results. 
However, it was not feasible to check results in not so 
extreme cases. 

6.2 COBGlUSI Oh 

The above analysis is done in a elementary form. 
However, inferences drawn from this study indicate that the 
form of logic used is an appropriate one and can be used in 
differenc situations. One such situation could be to detect 
weak spots in deployments. Such form of analysis could also 
be used to test different defejlisive postures and plans. 

Combat-effectiveness values would differ with 
different form of operation. A further study of this factor 
can greatly increase the suitability of such form of analysis. 
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APPENDIX "A-t* 


CASE *1 ' 

demands 


A!...t.Ml 

PRlDiXlTY^l^ 


=^*=l‘55b02579 + *l' 

DETAXIiS 

OF VAFIUDS 

FACTURS 



GF-5&6a2679 

aR-59ao276a 

Mi» w fg» fil fH- w n* «ni IP « 

GR-62302880 

ViNDEXs 

1.5000 

1,3500 

1 ,0000 

Dams 

1.0818 

1,0843 

1.0000 

AfTa 




TROOPS 

ARMOOM 

AR'fiDDEHY 

i.oooo 

1.4056 

2,6129 

2,2436 

1.0000 

1,0000 

2,6699 

1.2170 

6,2308 


PAYOFF 

matrices : 

m '«*: «*' m m w m m m 



TROOPS 


1497.2991 

960,5841 

1555.2532 

1482.1149 

988,8967 

1641,0153 

1510,4220 


ARMOUR 


lilflliola 

50719,3180 

75332,7360 

53337.2610 

51442,3780 

76418,3570 

54802,8880 

52527,9760 


ARTIIiLERX 


!llf:ill! 

9859.4209, 

6825,5794 ■ 

2949l0O80 

9945*9890 

6841“,1170 

2969,9100 

9961,4637 


|!J*( If, ♦$, f, t ♦♦♦♦♦♦♦♦#'♦♦ ♦♦#*♦♦#?♦■*•* 



L’AoE 


APPENUTX 'A -2' 


h i " i, V ;% f .'j ,(!•’ ,'\ HK 1 AMUS 


f-L".*i_l'i:liJ':iIiL’ **-*s^u-yA 7 oi )**4 


‘I rfUL-S IH i/AkI‘UU 5 i'AC'^UPS 



<,,H-5560?57y 

>30-59002 /6u 

6P-623U2880 

V 1 ' J - 

1 « D'JUO 

1 .7000 

1.0000 

< ) .4 

l ,68 Ih 

1 , On 4 3 

1 .ouuo 

>4 1 1 i* 




^ ^ ‘ < f ( 1 s 

i ,0060 

4,8193 

5 , 5862 

ii\ « , " i n U <* 

1 , J. 5 9 

1.1597 

1 .OOUO 

A «’*.** 1 f 1 1 *'*' 1 

i'7 1 .L'UOO 

1 .0/43 

1,2891 


^AVbKi' f.^ATHtCES J 

mwmmmmmmmm«m^»mmm*mm 

‘IHVOPb 


'•< iJ.b i.-iU 
*/. i 'j • 4 U-i 
/:->b / ,/. 94 i 


■:fOA, 6 IJ‘i 3 
394 b. ^ 90 l 
21536.7708 


93^.H967 
4240 , 96 a 4 
2572.8433 


AhWUHH 


(1 ■) I f'/d , -V' il!' 
'I / 1 > 3 i:,' • A 4 'ii.i 
o 3 */ i / , uf» 2 «,i 


80919,31 60 
90082. 20»» 
o34<ib.8270 


83233,3320 

94645,5220 

65721,3130 


riHTluLEH7 


2 / 5 U . 4 u 1 2 
27 79, 34 J4 
2 5 0 0 « 4 3 25 


2«lb.i5i2 

2770,5507 

2530,1828 


2864.9933 

2855.7359 

2576.8231 





APPEND!)! 'A-i' 


CASE. '3' 


demands 


AtjLUT PHIOKITY 1 AT GRID REFERENCE ♦♦♦S2i0288a*** 


DETaIdS of various FACTORS 

GR-556U2579 GR-590a2760 


GR-62302880 


VJMORXa 
UAM = 

ATTh 

TROOPS 

ARMOUR 

ARTiDDERY 


uooyo 

U0818 


1,0000 

1,0000 

3,3290 


1,1333 

1.0843 


3,0002 
1 ,1614 

1.0000 


1.3333 

1.0000 


5,0110 

1,0983 

5,2222 


PAYOFF Matrices i 


1059,4071 

3997,3586 

712U.5640 


76682,1620 

86095.6530 

88201,8360 


1S213.8040 

14139,5468 

19112,5100 


TROOPS 

1033,71 
3743.31 . . 
7094.9470 

ARMOUR 

76176,3270 

84857.9380 

87696,0010 

ARTILLERY 

16218,6110 

iAiuUmi 

19289,6380 


1062,0941 

4000.0457 

7023,1710 


78490,7290 

87904,221 

87600,301 


16241,9150 

14539,9791 

190,12.8170 




APPENDIX (B~l) 


STEPS OF SUEEOUTINS 'TROOPS' 

1. Readdata of troops 

2- Eliminate all those units, which lie outside a 

Square of 40 Kms. sides with the point of attack 
lying at intersection of its diagonals. 

3. All units within this square are checked if distance 

of unit to the point of attack is less than 20 Kms. 
or not. Eliminate if more than 20 Kms. 


ST EPS O P SUBROUTINE 'ELMIN ) 


APPENDIX (B-2.). 


1. Read data of troops within 20 Kms. radius and 

boundary line. 


2. Pind perpendicular from location of unit to the 
straight line segments of boundary line. 

3. Eliminate all those units where perpendicular is 
less than 5 i.e. the unit lies within 500 met, 
of boundry line. 



SUBROUTINE TROOPS 


START 












IT2(IN0) = ITI(I) 


INO = INO+1 








A PPENDIX (B-2) 



EEITJM 



I B 


f 


PBR = Y3-Y1 
X = X3 







IT2(IR0)=IT1( 
INO = IMO+l 





/ IS \ 
INO=2 

\ / 


4-'y 


/is 



\ 


^IBOUND \Y^ -R 

V, (1,1) 


A 


\ 


/l\.., 

1 / Ll /-Vg /i < LI > C 
' ^ ^ \ 


\ 


\ 


/ 


A 

t 

n EBTUffl OmTIM 


r 


y 


. ' IS 
<■ IHO = 

x. 


2''"'X^-G 






c. 




A 






O START APPBBBIX 

V 

READ EATA op 

I roads, poirt 

' OP ATTACK 


1^1 







ALLOT DUMMY 
NODE NO. 


- 

— — — i 

1 CALCULAI 
OP HOI 

■■ ' ^ " ■" 

?S NUMBER 1 
)ES 1 


lA 







AP PBCTDIX (B-^) 


T — 

yA 

ORBATB IR2 TO STORE 
ACTUAL AUB DUMMY 

rods rumbbrs 

\ 

f 

EVALUATE DISTANCES 
between road BRANCHES 

1 

\ 



GALL PATHS 

J 

* 'v— ■■ 



i 

y 

I 

i 

I 

y RETURN 





AEPBNDIX (B-4) 


Steps involved in subroutine A RFIOUR; 

1. Read data of armour units and points of attack. 

2. eliminate all units which, are outside the square of 

60 Kms. sides with point of attack lying at intersection 
of its diagonals. 

3. calculate distance of units within this square and elirainat« 
all those units whose distance from centre is greater than 
30 Kms. 

Otops involved in subroutine CHgCK; 

1. Read data of unit location and point of attack. 

2. Check if there is any real intersection with canal branches. 

3. Call subroutine NBRID if there is a crossing. 

APPBKRII (B-6) i 

O trnjs of subroutine GUBS: 

1. Read data of location of artillery units and points of 

attack. I 

2. .eliminate all those units which fall outside the square of i 
60 Kms. aide with point of attack at intersection of its i 
diagonals. 

3. Calculate distance -of each unit within the square from point 
of attack. Bliminate if this diatance is greater than 

30 Km&. 


Q STikRT 

i__ 

READ DATA OF 
ARMOUR URITS 


\i^ 

j 



APPENDIX (B-4) 


ll<-I+l 

1 

i 

I 




SUBROUTINE ’ARMOUR ' 





APPENDIX (B-4) 


Steps of subroutine HBRID: 

1. Bead data of point of crossing and location of bridges. 

2. Evaluate distances of point of crossing from each bridge. 
Check for one with minimum distance. 

3. Return nearest bridge as one with one with minimum 
distance. 


APPENDIX (B~3) 

Steps involved in subroutine T3RAIN; 

1. Read data of route to be traversed and different terrain 
areas. 

2. Check for real intersections vrith parallelograms depicting 
different terrains. In case, of intersection evaluate 
distance between points of intersection. 

3. Return values of these distances alongwith terrain factors 
to the main program. 



iiPPSHDIX (B-4) 


START 

/ READ POINT OF | 
i CROSSING AND DiiTiJ 
I OF BRIDGES i 



1 



CALGUL/vTE DISTANCE 
BSTWxi)EN POINT OF 
CROSSING AND 
BRIDGE 




CHECK FOR MINIMm 
DIST. 1 NCE 



SUBROUTINE NBRID 





APPENDIX (B-5) 

I 


o START 


READ ROUTE TO BE 
TRii VERSED AND 
TERRAIN FEATURES 


> 


OALCUDATE INTERSEC- 
-TIONS WITH PARALLE- 
-LOGRAMS 


r 

f 

OALCUDATE DISTANCE 
BETWEEN POINTS OF 
INTERSECTIONS 


/ 


6 


RETURN 




SUBROmiEB aUNS 


APPENDIX (B-6} 


START 












APPENDIX (B-7) 


Steps in subroutine VALUB 

1. Read data of point of attack and vulnerable areas, 

2. Eliminate all the vulnerable areas which are outside 
circle of influence. 

3. Sum the vulnerability of all vulnerable areas within 
the circle and return it to main program. 


APPENDIX (B-8) 


S teps in subroutine AIRCAP 

1. Read data of points of attack and air bases. 

2. Check distance between point of attack and various air 
bases. 

3. Evaluate time spent by various types of aircrafts from 
all bases at the point of attack. 

4. Sum all the times spent by aircrafts at all points of 


attack. 













A PPENDIX (B-8) 


STARI 


/ READ DATA OP 

POINTS OP ATTACK 
AND ALL AIR 
BASES 

! 



O 


RE TERR 







M b'&898 



^ - PORm - Cjstm 



